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ABSTRACT
It is estimated that 20 to 25 percent of the population 
iffers with migraine headaches. Despite the high prevalence 
ite, the exact mechanism(s) for producing migraine headache 
lin is(are) poorly understood at best. Some researchers 
ive proposed that these headaches are entirely vascular in 
rigin, while others have asserted that they are the result 
: an intricate transaction between genetic, biochemical, 
lysiological, psychological, personality, and environmental 
actors.
In the past, migraine has been considered a benign 
mdrome. However, researchers using a variety of 
surological measures and an even wider assortment of 
suropsychological instruments have reported abnormalities in 
idividuals with migraine headaches. Some researchers have 
:>ne so far as to attribute cortical lesions and related 
Dgnitive/intellectual deterioration to the cumulative 
Efects of recurrent migraine headaches. Other researchers 
rve failed to find any significant neurological or 
2uropsychological differences between migraineurs and 
sadache-free individuals.
Due to the inconclusiveness, inconsistencies, and 
icomparableness of several of the previous studies
viii
addressing neurological and neuropsychological deficits in 
nigraineurs, the present study attempted to use a more 
theory-based methodology to examine early information­
processing in migraineurs. Additionally, more potential 
mediating variables were controlled for in this study than in 
nany previous studies.
Eighteen migraineurs with aura, 18 migraineurs without 
aura and 18 headache-free control subjects engaged in 
auditorily- and visually-presented memory span and memory 
scanning tasks. The only conclusive findings came from 
measures of verbal memory span. It appears that migraineurs 
who experience aura symptoms exhibit poorer auditory 
attention and have a lower verbal memory span than 
migraineurs who do not experience aura symptoms and headache- 
free individuals. Migraineurs with aura also appear to be 
more susceptible to auditory retroactive and proactive 
interference. These findings delineate more clearly the 
short-term memory differences found by other researchers who 
have examined the neuropsychological sequelae of recurrent 
migraine. Finally, the subclinical neurocognitive 
differences found in the relatively young sample of the 
present study serve to further our understanding of the 
development of impairment in these headache sufferers.
INTRODUCTION
Although headache is a minor health problem in 
comparison to such major disorders as AIDS, heart disease, 
cancer, or schizophrenia, it nevertheless affects the lives 
of millions of people. It may be the most common malaise in 
human experience. It has been estima. *c. that one in three 
Americans suffer from severe headaches at some st je in their 
lives (Spiegel & Kaplan, 1987). The prevalence of headache 
is further reflected by the fact that headache is the most 
common complaint in outpatient medical settings (De Lozier & 
Gangon, 1975). In fact, approximately 30 million pounds of 
aspirin are ingested in the United States annually, most of 
it to relieve headache pain (Raskin & Appenzeller, 1980).
Although a variety of theories, ranging from 
physiological to psychological (e.g., Holroyd, 1986; Schucman 
& Thetford, 1970; Wolff, 1963) have attempted to explain the 
development and/or exacerbation of headache disorders, 
relatively little is known regarding their genesis or 
alleviation. Recurrent headache generally begins before the 
age of 40 and may appear prior to the age of five (Holroyd, 
1986). Although headache affects all races, ages, and 
socioeconomic groups, it is estimated that women comprise 
approximately 60 to 75 percent of all migraine and tension
1
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headache sufferers (Andrasik & Krabela, 1988). Additionally, 
headache is a common problem among psychiatric patients. For 
example, the prevalence of migraine headaches has been found 
to be three times as high among a sample of psychotherapy 
patients as compared to a group of age-matched control 
subjects (Schnarch & Hunter, 1980). Estimates of 
socioeconomic loss sustained by absenteeism and medical costs 
associated with headache are approximately one-half billion 
dollars per year in the United States (Ekborn, Rhlborg, & 
Scheie, 1978). Due to the great economic cost to employers 
and the personal costs to those who suffer from headache, 
much attention has been focused on the diagnosis and 
treatment of this disorder.
There have been many types of .leadaches described in the 
psycholiogieSi and medical literature. In 1960, the National:
HsMashe, ..Diagnosis and ...Pat hophvs ialngy.
a committee to formalize the diagnosis of headaches. In
i9;62.,-..'”tHe'- Ad Hoc Committee on Headache devised a system of
a new
Glassifieation Committee of the International Headache 
Society (19'8'8) . This system is much more specif ic thaiV fehfe
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prior classification scheme. The most common types of 
headache reported by individuals fit into four categories: 
episodic tension headache, chronic tension headache, migraine 
without aura, and migraine with aura. For the purpose of the 
present investigation, the latter two categories will be 
described in further detail.
It. is estimated that 20 to 25 percent of the population 
suffers with migraine headaches (Waters, 1973, 1978; Waters & 
O'Connor, 1975). There appears to be no association with 
intelligence, social class, or educational background 
(Markush, Karp, & Heyman, 1975; Waters, 1971), although the 
female-to-male ratio is roughly three to one (Olesen, 1978). 
Migraine without aura
Migraine without aura, formerly labelled common 
migraine, is described by the Headache Classification 
Committee (1388) as:
Idiopathic, recurring headache disorder manifesting in 
attacks lasting 4-72 hours. Typical characteristics of 
headache are unilateral location, pulsating quality, 
moderate or severe intensity, aggravation by routine 
activity, and association with nausea, photo- and 
phonophobia (p. 19).
In addition, most clinical researchers agree that 
migraine headache is characterized by a sudden onset, 
intense, sharp pain, and an average length of eight hours 
(Andrasik & Krabela, 1988). One or two headaches per month 
is the average frequency cf migraine (Eakal, 1982). This 
form of migraine accounts for the most debilitating cases of 
migraine (Headache Classification Committee, 1988}.
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Diagnostic criteria for migraine without aura, as defined by 
the Headache Classification Committee (1988), include 
experiencing at least one headache per month and meeting the 
following criteria (pp. 19-21):
A. At least five attacks fulfilling B-D below
B. Headache attacks lasting 4-72 hours (untreated or 
successfully treated).




3. Moderate or severe intensity (inhibits or 
prohibits daily activities)
D. During the headache at least one of the following:
1. Nausea or vomiting
2 . Photophobia or phonophobia
E. No history of physical or neurological disorders 
causing or contributing to the headache.
Migraine with aura
Migraine with aura was formerly referred to as classical 
migraine and is described by the Headache Classification 
Committee (1988) as:
Idiopathic, recurring disorder manifesting itself with 
attacks of neurological symptoms unequivocally localized 
to cerebral cortex or brain stem, usually gradually 
developed over 5-20 minutes and usually lasting less 
than 60 minutes. Headache, nausea, and/or photophobia 
usually follow neurological aura symptoms directly or 
after a free interval of less than an hour. The 
headache usually lasts 4-72 hours, but may be completely 
absent (pp. 20-21).
Common neurological symptoms include: scotoma (squiggly 
lines, blind spots, stars), paresthesia, visual field 
effects, vertigo, and nausea (Dalessio, 1987; Holroyd, 1986). 
These symptoms generally disappear before the onset of the 
headache (Bakal, 1982). Diagnostic criteria for migraine 
with aura, as defined by the Headache Classification
Committee (1988), include experiencing at least one headache 
per month meeting the criteria for migraine (as listed above 
for migraine without aura) and meeting the following criteria 
(pp. 19-21):
A. At least two attacks fulfilling B
B. At least three of the following four 
characteristics:
1. One or more fully reversible aura 
symptoms indicating focal cortical and/or 
brain stem dysfunction.
2. At least one aura symptom developed 
gradually over more than four minutes or, 
two or more symptoms occur in succession.
3. No aura symptom lasts more than 60 
minutes. If more than one aura symptom 
is present, accepted duration is 
proportionally increased.
4. Headache follows aura with free interval 
of less than 60 minutes (it may also 
begin before or simultaneously with the 
aura).
C. No history or neurological disorder causing or 
contributing to the headache.
Pathophysiology of migraine headache
Migraine headache is thought to be vascular in origin. 
The prodromal phase is thought to be a result of 
vasoconstriction in the extra- and intracranial arteries 
which may cause blood flow to be reduced by up to 50 percent 
(Holroyd, 1986). The migraine headache pain itself is 
thought to originate from subsequent dilation of the frontal 
branches of the superficial temporal artery, a terminal 
branch of the external carotid artery. This may cause the 
characteristic throbbing pain reported by migraine sufferers 
(Spierings, 1982). It has been hypothesized, however, that 
the pain that is perceived by migraineurs is not a sole
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function of vasoconstriction and dilation. It may be that 
the vasodilation is accompanied by the release of vasoactive 
substance which lower the pain threshold in local tissue and 
increase pain vulnerability (Diamond & Dalessio, 1982; Raskin 
& Appenzeller, 1980). The fact regains that the exact 
mechanism(s) for producing migraine headache pain is(are) 
poorly understood at best (Headache Classification Committee, 
1988) .
The Biopsvcholoaical Model of Headache
As a result of the inadequacies of the dominant 
biological models of headache, other models have been 
proposed to explain the genesis of headache and to challenge 
the current etiological theories. One of the most notable of 
these recent theories is the biopsychological model, proposed 
by Bakal (1975, 1982).
This model asserts that chronic headache is an intricate 
transaction between genetic, biochemical, physiological, 
psychological, personality, and environmental factors (Bakal, 
1975). Bakal uses the term "transaction" to indicate the 
interplay between the variables which mutually influence one 
another. This model assumes a holistic approach to the 
understanding of the chronic headache condition, with 
consequent implications for treatment.
According to this model, a complex array of 
psychological and physiological variables, which together 
mediate physiological changes, comprise the chronic headache
7
sufferer's biopsychological predisposition. Bakal (1975) 
hypothesizes that a certain biopsychological predisposition 
mediates headache attacks that are triggered by known 
biological and environmental precipitants (such as dietary 
tyramine and bright lights, respectively) as well as those 
headaches that occur in the absence of known precipitants. 
Bakal asserts that the genetic component of headache, which 
is stronger in migraneurs than tension headache sufferers 
(Appenzeller, 1973), plays a less important role than other 
variables, such as behavioral and environmental variables 
including the headache sufferer's ability to cope with the 
chronic headache condition.
The biopsychological model of headache has drawn the 
attention of many in recent years; however, empirical support 
for the model has not yet been demonstrated. Thus, little 
has changed in terms of understanding headache etiology. 
Headache remains a complex and little-understood disorder 
which puzzles both researchers and clinicians alike. Perhaps 
a better understanding of the etiology of headaches will 
arise out of research examining neurological or 
neuropsychological changes associated with migraine and 
tension headaches.
Neurological Findings
In the past, migraine has been considered a benign 
syndrome (Dalessio, 1985). However, researchers using a 
variety of neurological measures, including computerized
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axial tomography and cerebral blood flow, have reported 
abnormalities in individuals with migraine headaches. Some 
researchers have gone so far as to attribute cortical lesions 
and related cognitive/intellectual deterioration to the 
cumulative effects of cerebral anoxic incidents during the 
ischemic phase of migraine headaches (Connor, 1962). 
Computerized Axial Tomography
In general, the results from computerized axial 
tomography (CT-scans) of migraine sufferers have been 
inconclusive. The first abnormal CT finding in a migraine 
headache sufferer was reported from the Mayo Clinic in 1975 
(Baker, 1975). The subject's (an employee at the Clinic) CT- 
scan revealed formal edema shortly after experiencing a 
migraine attack. In studies that have been done since that 
time, abnormal CT-scans have been reported in 24 to 76 
percent of migraine headache patients (Gala & Mastaglia,
1976, 1980; Sargent, Lawson, Solback, & Coyne, 1979). For 
example, Sargent and his colleagues (1979) found that 28 
percent of a sample of 177 migraine, tension, and mixed 
headache sufferers showed abnormal CT-scans. When the sample 
was subdivided by headache type, 26 percent of the migraneurs 
and 33 percent of the tension headache sufferers had abnormal 
scans. Ninety-eight percent of the abnormal scans revealed 
cortical atrophy, with the majority indicating diffuse 
atrophy. The remainder showed scattered areas of localized
9
atrophy, the most frequent being in the temporal and/or 
parietal areas.
A study by Gala and Mastaglia (1976) revealed that 35 
out of 46 migraine patients had visible infarcts, atrophy, or 
edema on CT-scans. They hypothesized that the focal damage 
revealed on CT-scans may be the result of vasospasms that 
occur during the migraine attacks. Other studies have 
reported similar findings (e.g. Mathew, Meyer, Welch, & 
Neblett, 1977).
Still other studies, however, have failed to find such 
abnormal scans in migraneurs. Levy (1981), for example, 
failed to find abnormal CT-scans in migraneous subjects who 
exhibited neuropsychological deficits and abnormal 
electroencephalogram (EEG) activity in the area of the brain 
corresponding to migraine symptoms. Levy concludes that 
lesions associated with migraine headaches may be too small 
to be detected by CT-scan and other means for finding such 
abnormalities must be used.
Despite inconsistencies, the previous studies do seem to 
indicate some degree of ischemia, edema, or infarction in 
most migraine patients. However, a number of methodological 
flaws have plagued these studies. Aside from the small 
sample sizes of many of the studies which have used CT-scans, 
none of the studies have controlled for subjects’ age. For 
example, in the study by Sargent et al. (1979), it was found 
that the number of abnormal CT scans in migraine and tension
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headache subjects increased with the subject's age. 
Additionally, CT-scan studies have failed to control for 
frequency of head pain and length of time the subjects have 
suffered from headaches.
Cerebral Blood Flow Studies
The pre-headache phase in migraine headaches may include 
various neurologic deficits which have been associated with a 
cerebral vasoconstriction that results in some cerebral 
ischemia (Olesen, Larsen, & Lauritzen, 1980). Following 
vasoconstriction, a vasodilation begins during which time the 
headache occurs. It is thought that due to the head pain, 
cerebral metabolism increases which leads to further 
vasodilation which contributes to more pain, thus creating a 
positive feedback loop (Connor, 1962).
Sakai and Meyer (1979) hypothesized that excessive 
cerebral vasomotor responsiveness is part of the 
precipitating mechanism responsible for producing migraine 
symptoms. They confirmed that cerebral blood flow 
measurements during the prodromal phase of migraine (with 
aura) were less than those of other headache sufferers after 
the subjects' inhaled pure oxygen. Additionally, these 
researchers found that changes in cerebral blood flow in 
classic migraneurs (migraine with aura) is associated with 
neurological deficits secondary to cerebral ischemia. Sakai 
and Meyer suggest that a release of vasoactive amines and 
neurotransmitter substances may occur in conjunction with or
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secondary to the initial regional cerebral ischemia seen in 
migraine headache. These amines and neurotransmitters are 
released onto the receptors of cerebral vessels and into 
cerebral interstitial fluid. Sakai and Meyer contend that 
this release of amines and neurotransmitters may play an 
important role in the spreading vasoparalysis, vasodilation, 
and impaired cerebral function which is characteristic of the 
migraine headache.
Several other researchers (e.g., Olesen, Lansen, & 
Lauritzen, 1981; O'Brien, 1967; Simard & Paulsen, 1973) have 
found similar results to those obtained by Sakai and Meyer 
(1979). These investigators have also found that there is a 
definite pattern of changes in regional cerebral blood flow 
prior to and during the headache phase of the migraine 
headache (Olesen, Lansen, & Lauritzen, 1981; O'Brien, 1967; 
Simard & Paulsen, 1973).
Cognitive Findings 
Neuropsychological studies
Just as research examining the possibility of 
neurological abnormalities in chronic headache sufferers has 
yielded conflicting findings, so too has research assessing 
differences in cognitive performance. Before presenting an 
overview of the results of these studies, it needs to be made 
clear' that several of the older studies used the diagnoses of 
classic migraine and common migraine. With the new 
classification system developed by the Headache
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Classification Committee of the International Headache 
Society (1988), the criteria for these diagnoses were changed 
slightly and the names were changed to migraine with aura and 
migraine without aura, respectively. The diagnoses used by 
the authors will be used in the following review.
The first study to examine cognitive impairment studied 
18 patients with lesions to either the retina, cerebral 
hemispheres, or brain stem, thought to be directly related to 
severe attacks of migraine (Connor, 1962). C nor found that 
two of the ten patients with cortical lesions showed signs of 
intellectual deterioration. Connor failed to specify, 
however, the method for determining such deterioration.
Schucman and Thetford (1970) tested 29 migraine 
subjects. They found that migraine sufferers performed 
significantly poorer than control subjects on the digit span 
subtest of the Wechsler Adult Intelligence Scale. Such 
results indicate that attention and immediate recall (short­
term memory) in migraneurs may have been affected by 
recurrent headache attacks. However, Schucman and Thetford 
failed to control for medication use and for the length of 
time subjects had suffered from headaches.
Zeitlin and Oddy (1984) gave a series of cognitive tests 
to a mixed group of migraine patients with classic or common 
migraine headaches of ten or more years duration, as well as 
a group of control subjects. They found significant 
differences between the groups in many areas of
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neuropsychological functioning. There were significant 
differences between migraine and control subjects in reaction 
time and information-processing as well as verbal memory (as 
measured by the Wechsler Adult Intelligence Scale digit span 
subtest). Zeitlin and Oddy (1984) did control for medication 
use by ensuring that no medication had been taken on the day 
of testing and using only migraine subjects who used abortive 
medications (such as ergotamine tartrate). They also found 
that migraine subjects scored significantly higher than 
controls on a measure of free-floating anxiety. This 
naturally raises the issue that perhaps the observed 
differences were due to differences in anxiety, as opposed to 
true neuropsychological deficits. In neuropsychological 
assessment, anxiety can easily cause a subject to perform 
poorly (Lezak, 1983).
Another study (Covelli, Antonaci, & Puca, 1984) that was 
•c- ducted about the same time as the Zeitlin and Oddy study 
assessed the degree of memory impairment in migraine headache 
sufferers. Covelli et al. solicited subjects with a headache 
history of five or more years and who had not taken any type 
of headache medication for ten days prior to testing. All 
subjects were administered the Wechsler Memory Scale in a no­
headache pain state. Results indicated impairment in short­
term memory and, to a lesser extent, poorer performance on 
logical memory, visual reproduction, and associate learning 
in migraneurs. The data also indicated that memory deficits
14
were related to a younger age of headache onset and longer 
duration. Covelli et al. also found significant differences 
between headache sufferers and controls on measures of 
depression and anxiety. Unfortunately, these researchers 
failed to carry-out statistical analyses to examine the 
relationship between the variables (depression and anxiety) 
and subjects’ performances on the Wechsler Memory Scale. 
Nonetheless, they concluded that "repeated episodes of pain 
derange memory capacity thereby causing further anguish and 
depression (p. 460). "
In 1986, Hooker and Raskin examined classic and common 
migraneurs who had a two-year or longer history of one to ten 
attacks per month. They found that both groups of migraneurs 
had a significantly higher impairment index on the Halstead- 
Reitan Neuropsychological Test Battery than the controls but 
did not differ significantly from each other. Classic and 
common migraneurs had poorer ability to discriminate forms 
and to analyze visual and verbal relations and had a poorer 
delayed recall for semantic material than controls. They 
also made more errors on the Aphasia Screening Test and 
showed less dexterity than control subjects. The researchers 
reported no significant correlations between chronicity of 
headache and level of impairment and no significant 
relationship between medication use and severity of deficits. 
It should be noted that medication use was measured as use 
versus nonuse of any chemical agent which could be classified
15
under ->ne of four major classes of prescription medications. 
ANOVAs were then computed for the four major classes on the 
average impairment index.
Three more recent studies have failed to find results 
congruent with those mentioned above. Burker, Hannay, and 
Halsey (1989) gave a group of female college migraneurs 
(common and classic) and controls a battery of 
neuropsychological tests and personality measures. They 
failed to find any significant group differences on any of 
the neuropsychological tests (Halstead-Reitan
Neuropsychological Battery, Selective Reminding Test, and the 
Rey-Osterrieth Complex Figure Test). Analyses with state and 
trait measures of anxiety also resulted in no significant 
group differences. Several group differences did emerge on 
the clinical scales of the Minnesota Multiphasic Personality 
Inventory. Burker and her colleagues explain that their 
results may have been peculiar to their subject sample.
Their sample was younger and presumably had a shorter 
migraine history and perhaps less opportunity for accumulated 
cerebral damage than the previous studies which have shown 
significant group differences. They added that it is also 
possible that their subjects represented a less severely 
impaired population than those subjects attending migraine 
clinics (as was the case in Hooker & Raskin, 1986; and 
Zeitlin & Oddy, 1984).
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In addition to the Burker et al. (1989- study which
found no significant differences between migraneurs and non- 
migraneous college students, Leijdekkers, Paschier, 
Goudswaard, Menges, and Orlebeke (1990) failed to find 
significant cognitive differences between migraneurs and 
controls in a clinical population. These researchers 
examined 37 females with migraine histories of seven or more 
years. Subjects were matched for age, education, and 
socioeconomic status. Leijdekker et al. found no significant 
differences between migraine patients and controls in: 
reaction time, motor speed, short- and long-term memory, and 
psychomotor speed. Additionally, they found no influence of 
medication use, as measured by simply comparing those who 
used prescription medications with those who did not, and no 
correlation between chronicity of headache and 
neuropsychological deficits in the migraneurs. The authors 
conclude that the cumulative effects of migraine attacks on 
the cognitive performance of migraine patients is 
nonexistent.
Lamberty and Holm (1992) also failed to find significant 
cognitive differences, with a few exceptions, between chronic 
migraneurs, tension headache sufferers, and controls. These 
researchers administered a battery of neuropsychological 
instruments to male and female undergraduates who met 
diagnostic criteria for their respective type of head pain, 
as set forth by the International Headache Society (1988).
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Medication use was controlled for by the use of the Coyne, 
Sargent, Segerson, and Obourn (1976) weighted equation. When 
all the neuropsychological tests of the battery were given 
equal weight, the three groups did not differ significantly 
in the percentage of tests performed in the impaired range. 
Additionally, when taken individually, few significant 
differences were revealed. Migraine subjects did show some 
impairment in short-term memory as measured by the California 
Verbal Learning Test. Their inability to maintain initially 
encoded material may be indicative of problems with 
consolidating memory into longer-term storage. On the other 
tasks, however, migraine sufferers performed somewhat better 
than the other two groups. Lamberty and Holm concluded that 
perhaps due to the relatively short period of time that their 
subjects had been experiencing headaches, neuropsychological 
impairment had not yet become clinically significant. 
Interestingly, these researchers encountered only one subject 
who was taking any medication for headache pain and this 
subject was thrown-out for the purpose of data analysis.
This fact raises questions about the severity of headache 
pain experienced by their headache subjects. An unexpected 
finding in this study was that all three groups showed 
significant neuropsychological impairment in many areas, 
although the groups did not differ significantly from each 
other in the proportion of subjects that scored in the 
impaired range. Lamberty and Holm offered two possible
18
explanations for this finding. First, as all subjects were 
volunteers, they may not have worked as diligently as they 
were capable. Also, it could be that with such high- 
functioning individuals, there was great anxiety to perform 
extremely well, and as a result, their anxiety levels caused 
them to perform more poorly than they normally would.
Lamberty and Holm measured depression with the Beck 
Depression Inventory, however, results obtained for this 
measure were inconsistent across dependent variables. They 
did not include a measure of anxiety.
Attention and Early Information Processing Studies
So far, the question of whether recurring headache 
attacks cause deficits of higher brain functions has been 
approached using neurophysiological, neuroradiological, 
neurovascular, and neuropsychological methods. Subtle 
neuropsychological impairment between attacks has been 
reported by some researchers (e.g., Hooker & Raskin, 1986; 
Zeitlin & Oddy, 1984; Lamberty & Holm, 1992). Other 
researchers, however, (e.g. Burker, Hannay & Halsey, 1989; 
Leijdekker, Paschier, Goodswaard, Menges, & Orlebeke, 1990) 
have found no evidence of impairment of cognitive performance 
in headache subjects. On the whole, the results of the 
previously-mentioned studies do not appear conclusive, being 
either inconsistent or not methodologically comparable. This 
raises the issue of using new methodological approaches. One 
possible avenue to further investigate the issue of the
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existence of subclinical deficits of higher brain functions, 
not detectable on standard examination, is to use 
experimental measures which assess early phases of 
information-processing, such as attention. To date, few 
studies have made use of such experimental methods with 
headache subjects.
Mazzucchi et al. (1988) examined attentional processing
in a group of classic migraine patients and control subjects. 
Migraine subjects were presented with a lateralized 
attentional task (Posner's test) at a short interval from the 
headache attack (paroxysmal phase--within 24 hours from the 
end of the last migraine attack) and a longer interval 
(interparoxysmal phase--at least seven days from the last 
migraine attack). Results indicated that neither group of 
migraine patients (with right or left-hemisphere aura 
symptoms), as compared with controls, showed significant 
changes in interhemispheric attentional processing and 
interhemispheric balance at either time of testing.
Mazzucchi et al. explain that such results, in the face of 
other studies which have found neurological or 
neuropsychological differences, may not necessarily be 
inconsistent. The attentional mechanisms which were 
investigated in this study involve a complete neural network 
with many distributed locations. An additional finding from 
this project was that migraneurs displayed longer reaction
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times during the paroxysmal phase as compared to the 
interparoxysmal phase.
Aside from the Mazzucchi et al. study (1988), no other 
study has specifically set-out to examine subclinical higher 
brain functions. One final study, however, deserves mention 
In this study, the author, a classic migraineur, subjected 
himself to a variety of left and right hemisphere perceptual 
tasks both during and between migraine attacks (Boles, 1993) 
Results from this self-study suggest that classic migraine 
does produce detectable effects on processes in the affected 
cerebral hemisphere.
The Present Study
While some studies have found neuropsychological 
impairment in migraneurs, other researchers have found no 
evidence of such impairment. In the face of such findings, 
two points need to be made. First, previous 
neuropsychological investigations have seemingly used a 
"kitchen-sink" approach of simply assembling several 
neuropsychological tests in an atheoretical manner and 
waiting to see what, if any, differences emerged. It seems 
that these studies have spent little effort on developing a 
test battery based on a theoretical and/or empirical 
understanding of migraine headaches. Second, due to the 
inconclusiveness, inconsistencies, and incomparableness of 
several of the previous studies addressing neurological and 
neuropsychological deficits in migraneurs, it seems
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appropriate that new methodological avenues should be 
explored.
The present study investigated the relationship between 
migraine with aura and migraine without aura and early 
information-processing. The current study focused on the 
possibility of migraine attacks causing subclinical 
neurological deficits which manifest themselves in reduced 
visual and auditory information processing abilities. Such 
findings would serve to further our understanding of the 
development of impairment in young headache sufferers. 
Knowledge of the dynamic progression of changes would be 
useful in designing effective treatment strategies. Previous 
neuropsychological studies have found evidence that 
migraneurs perform more poorly on tasks involving short-term 
memory stores than headache-free control subjects. Such 
findings lend credence to the further investigation of short­
term memory in different sensory modalities (namely, visual 
and auditory, due to the nature of migraine aura symptoms and 
headache pain symptoms, such as phonophobia and photophobia) 
and raise questions about even earlier information-processing 
functions in migraineous individuals.
The current study, unlike many of those previously 
cited, accounted for a large number of additional variables 
which can influence neuropsychological findings, by both 
matching groups and examining such variables as possible 
covarrates. Groups were initially balanced for age and
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education level. They were then balanced for verbal 
abilities based on Wechsler Adult Intelligence Scale-Revised 
Vocabulary subtest scores. I attempted to account for as 
many relevant psychological constructs (state anxiety, trait 
anxiety, and depression) as possible. Subjects' apparent 
motivation level was assessed by the use of a likert-type 
self-report question at the time of testing and balanced 
across the experimental groups. Differences in headache 
activity were controlled through the use of a more stringent 
screening process than several previous neurological and 
neuropsychological studies and by eliminating those subjects 
who had experienced headache pain within 72 hours prior to 
testing. Medication use was examined by using the Coyne, 
Sargent, Severson, and Obourn (1976) formula for estimation 
of chronic medication use.
It was hypothesized, based on previous 
neuropsychological research tapping into short-term memory 
stores, that migraine headache subjects would exhibit 
significantly greater average information-processing 
impairment on both auditorily- and visually-presented tasks 
than headache-free control subjects. Additionally, it was 
further hypothesized that migraneurs with aura would perform 
worse than both of the other groups on the presented tasks,
due to the nature of aura symptoms.
METHOD
Subjects
Subjects (N = 54) were solicited from the population of 
undergraduates enrolled in psychology courses at the 
University of North Dakota during the 1993-1994 academic year 
following the screening process described below. The 
subjects selected were all female with a mean age of 20.2 
years. Subjects were placed into one of three groups during 
a three-phase screening process: (a) migraine headache 
without aura (n = 18), (b) migraine headache with aura (n =
18), and (c) headache-free controls (n = 18). All subjects 
received course credit in return for their participation and 
were treated in accordance with the guidelines pertaining to 
human subjects within the "Ethical Principle- of 
Psychologists and Code of Conduct" (American Psychological 
Association, 1992).
Screening
Approximately 1000 students enrolled in undergraduate 
psychology classes during the fall and spring semesters of 
1993-1994 academic year completed the initial screening 
questionnaire. The questionnaire assessed headache 
frequency, intensity, prodromal symptoms, location of pain, 




Dr the initial differentiation of headache type by 
trequency, head pain quality, and location.
In the second stage of the screening process, subjects 
ere contacted by phone by a clinical psychology graduate 
tudent trained to differentiate types of headache through 
he use of diagnostic criteria set forth by the Headache 
lassification Committee of the International Headache 
ociety (1988). To be eligible for participation in the 
tudy, subjects with migraine headaches without aura had to 
xperience at least one headache per month and meet the 
ollowing criteria (pp. 19-21):
A. At least five attacks fulfilling B-D below
B. Headache attacks lasting 4-72 hours (untreated or 
successfully treated).




3. Moderate or severe intensity (inhibits or 
prohibits daily activities)
D. During the headache at least one of the following:
1. Nausea or vomiting
2 . Photophobia or phonophobia
E. No history of physical or neurological disorders 
causing or contributing to the headache.
Subjects with migraine headaches with aura also had to 
Lave at least one headache per month and in addition to 
leeting the above criteria needed to meet the following 
iriteria (pp. 19-21):
A. At least two attacks fulfilling B
B. At least three of the following four 
characteristics:
1. One or more fully reversible aura




2. At least one aura symptom developed 
gradually over more than four minutes or, 
two or more symptoms occur in succession.
3. No aura symptom lasts more than 60 
minutes. If more than one aura symptom 
is present, accepted duration is 
proportionally increased.
4. Headache follows aura with free interval 
of less than 60 minutes (it may also 
begin before or simultaneously with the 
aura).
C. No history or neurological disorder causing or 
contributing to the headache.
To be included in the headache-free control group, 
subjects had to meet the following three criteria:
A. Headaches occur no more than once every two 
months.
B. No independent diagnosis of migraine headache with 
or without aura.
C. No report of migraine-related symptoms.
Subjects were excluded from this study if they meet
either of the following criteria:
A. Patient with chronic head pain that does not meet 
the above inclusion criteria.
B. Patients who display evidence of possible 
neurological impairment (e.g., recent onset of 
headaches, dramatic shifts in symptom patterns).
The third stage of the screening process involved a 
personal diagnostic interview. This interview assessed areas 
such as current pain state of the subject, previous head 
injuries, medication use, chronicity of headache, severity of 
headaches, and some demographic information (e.g., age, 
gender, race). The evaluation was conducted by a clinical 
psychology graduate student trained in the headache 
interviewing process. This interview allowed for further 





A brief demographic data questionnaire, developed by the 
author for this study, was used to assure that no significant 
demographic differences existed between groups which might 
complicate data analysis. The questionnaire assessed: age, 
years of education, and ethnic background.
Vocabulary Subtest
The vocabulary subtest used in the Wechsler Adult 
Intelligence Scale (Wechsler, 1945, 1955, 1981) consists of 
35 words arranged in order of difficulty. The easiest word 
on the list is "bed," but the administration usually begins 
with the fourth word "winter," which practically all adults 
can define. Administration continues until the subject fails 
to adequately define five words consecutively or until the 
list is exhausted. The subject can obtain one or two points 
for each acceptable definition, depending on its accuracy, 
precision, and aptness. The subject's score reflects both 
the extent of his or her recall vocabulary and the 
effectiveness of his or her speaking vocabulary (Lezak,
1983) .
In the present study, this task was used to assure that 
significant differences do not exist between the groups which 
might cause differences on the information-processing tasks
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which require the use of words (i.e., category judgement task 
and sentence span task).
Beck Depression Inventory (BDI)
The Beck Depression Inventory (Beck, Ward, Medelson, 
Mock, &. Erbaugh, 1961; Beck, Rush, Shaw, & Emery, 1979) is a 
standard 21-item device used to screen for and measure the 
severity of depression. Each item is rated on a 4-point 
scale (0-3) of intensity. Scores range from 0-63, with the 
higher scores indicating greater severity of depression.
Daily Stress Inventory (DSI)
The Daily Stress Inventory (Brantley, 1987) consists of 
58 events which may be viewed as stressful or unpleasant. 
Subjects read each item and decide whether or not the event 
occurred within the past 24 hours. If the event did occur, 
the subject indicates the amount of stress that it caused by 
placing a number ranging from one (occurred but was not 
stressful) to seven (caused me to panic) next to the item.
As chronic headache sufferers typically report more stress in 
their lives, this inventory was used in present study as a 
form of validity check. If sampled correctly, the migraine 
subjects should differ from the control subjects on this 
measure.
State-Trait Anxiety Inventory (STAIl
The State-Trait Anxiety Inventory (Spielberger, Gorsuch, 
& Lushene, 1970) consists of two, 20-item inventories that 
assess anxiety traits (state and trait). Each item is
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answered on a scale from zero to four to indicate intensity. 
Norms are provided by the author for university students, 
general medical patients, neurological patients, and 
prisoners.
^r^.fcgr.ed ■ Hsad.ac.bg,..Jnfcgr:/.igy;
This interview, as mentioned previously, assesses a 
variety of headache factors. Questions probe: frequency of 
headache pain, length of time subject has been experiencing 
headaches, intensity of typical headache pain, amount of 
perceived negative impact of headaches, and prescription and 
nonprescription medication use. In addition to being a 
diagnostic tool, the data generated from the headache 
interview were used to describe a variety of factors 
pertaining to the headache groups in the present study.
Memory Span Measures
Digit.gpan ,Task
The digit span subtest used in the Wechsler tests 
(intelligence scales and the Wechsler Memory Scale) comprises 
two different tasks (digits forward, digits backward), 
(Wechsler, 1945; 1955; 1981). Both consist of seven pairs of 
random number sequences that the examiner reads aloud at the 
rate of one per second. Although both tests involve auditory 
attention, different mental activities are required for each 
test.
In the digits forward test, the subject’s task was to 
repeat each sequence exactly as it was given. This task
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measures what is more closely related to the efficiency of 
attention than to what is commonly thought of as memory 
(Spitz, 1972).
The digits backward number sequences were two to eight 
digits long, and on having them read, the subject is to say 
them in exactly reversed order. This task requires the 
storage of a few data bits briefly while juggling them around 
mentally, which makes it more of a short-term memory task 
than digits forward. The task involves mental double- 
tracking in that both the memory and the reversing operations 
must proceed simultaneously (Lezak, 1983).
S s a k s n c e  S p a n - T a s k
This task, which measures both processing and storage 
functions of working memory, involves the usual demands of 
sentence comprehension. In this task, the subject is given a 
set of sentences, 13 to 16 words in length, to read. At the 
end of a set, he or she attempts to recall the final word of 
each sentence. The subject's reading span is the number of 
sentences he or she can read while maintaining perfect recall 




This task, developed by Chumbley and Balota (1984), 
measures lexical decision reaction time in subjects who must 
decide if words are members (exemplars) of a given category.
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One hundred and forty-four target words, four from each of 8 
categories were used. Words differ on high versus low 
typicality as an exemplar of a category. Positive trials 
present a category name and an example of an exemplar from 
that category (e.g. Bird - Robin). Negative trials involve a 
word which is not an exemplar from the given category (e.g. 
Bird - Hand Grenade). Response time and accuracy were 
recorded automatically by the computer in this visually- 
presented task.
£fcSHyasEg...TasK
The Sternberg memory scanning task (Sternberg, 1966; 
1969) requires the subject to encode in short-terra memory a 
series of one to six items (set size) presented sequentially 
at one second intervals (e.g., 5-6-2-S-3-9). This 
presentation is followed immediately (one second) by a probe 
stimulus. The subject must then decide immediately whether 
or not the probe is one of the symbols of the previously 
presented set (e.g., if the probe stimulus is 5, 6, 2, 8, 3, 
or 9, the subject will respond "yes"; otherwise he or she 
will respond "no"). Accuracy and response latency were 
recorded automatically by the computer in this visually- 
presented task. Response latency was recorded beginning with 
the onset of the probe stimulus to the occurrence of the 
response. This is a task of short-term memory processing.
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Procedure
At the time of the second screening, subjects were 
scheduled for a two hour appointment to complete the headache 
interview and testing. Subjects were tested only if they 
reported that they were not experiencing a headache or aura 
symptoms prior to the start of testing. Any subject who 
reported experiencing a migraine headache within the 72 hours 
prior to testing was rescheduled. It was also requested that 
they abstain from alcohol and nonprescription medication use 
for the 24-hour period preceding their scheduled testing.
The interview and testing was conducted by clinical 
psychology graduate students trained in headache interviewing 
techniques and administration of the previously-mentioned 
tests. The participants also completed an 11-point Likert- 
type scale question that assessed their level of motivation 
during the information-processing tasks.
Prior to the interview and administration of the tests, 
informed consent was obtained from the subjects. The 
subjects were then administered the vocabulary subtest.
Next, subjects completed the following questionnaires: 
Demographic Data Questionnaire, BDI, DSI, and STAI. The 
cognitive testing was then begun. Each of the four tests 
(Digit Span-forward, Sternberg Task, Category Judgement Task, 
and Sentence Span Task) were administered visually on an 
Apple HE computer. Additionally, the Sentence Span Task and 
the Digit Span (both forward and backward) were administered
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auditorily. The order of the testing was designed so that 
visual and auditory tests were presented in an alternating 
fashion. The order of presentation was also counterbalanced 
so that there were equal numbers of subjects in each group 
who received the various tests in each possible testing 
order.
After completing the testing, each subject received an 
extra credit slip for her participation. Subjects were also 
encouraged to place their names and addresses on a list to 
receive the results from the study upon completion of the 
experiment.
RESULTS
Individual Differences Measures 
The present study, as previously noted, sought to 
control for a large number of variables which might mediate 
subjects' performance on the memory span and memory scanning 
measures. One-way ANOVAs comparing the three headache-status 
groups (migraineurs with aura, migraineurs without aura, and 
headache-free controls) were performed using the subjects' 
age and number of years of education (as measured on the 
demographic data questionnaire) as dependent measures. 
Analyses were also performed using the total score obtained 
by each subject on the following measures: BDI, STAI-state 
anxiety, STAI-trait anxiety, DSI, WAIS-R Vocabulary, 
Motivation Rating Scale and average monthly medication use 
(as measured by the weighted formula derived by Coyne et al. 
(1976)]. Table 1 contains the means and standard deviations, 
by headache-status group, for each of these measures. ANOVAs 
yielded significant group differences on three variables, 
STAI-state anxiety [F (2,53) = 5.40, p<.01], DSI [F (2,53) = 
4.97, p<.01], and monthly medication use [F (2,53) = 5.36, 
pc.01]. Tukey's Post Hoc Tests performed on the STAI-state 
anxiety totals revealed that migraineurs with aura reported 













M 19.72 20.17 20.67
2.14 3.88 3.97
Year in School
M 13.78 13.44 13.28
s d 1.06 1.04 0.58
BDI
M 10.39 6.83 7.28
C D 7.51 5.60 4.56
STAI-State
M 4 5 . 22a 34.00b 3 6.22b
SD 14.40 7.48 9.49
STAI-Trait
M 44.61 37.61 37.78
SD 12.31 8.85 9.47
DSI
M 68.lla 46.56b 4 1 . 61b
SD 33.92 21.19 23.62
WAIS-R Vocabulary
M 48.39 45.78 50.39
s d 7.06 5.68 8.53
Motivation Scale
M 7.78 7.61 6.50
SC 2.10 1.14 1.89
Medication Use
M 4 7 . 50a 35.28a 3.56b
C D 56.22 44.82 3.96
Note. Means with different superscripts are significantly 
different (p<.05). Abbreviations: BDI = Beck Depression 
Inventory, STAI-State = Spielberger State Anxiety Scale, 
STAI-Trait = Spielberger Trait Anxiety Scale, DSI = Daily 
Stress Inventory, WAIS-R Vocabulary = Vocabulary- Subtest of 
the Wechsler Adult Intelligence Scale-Revised
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without aura (M = 34.00) and significantly more state anxiety 
than headache-free control subjects (M = 36.22). No 
significant difference was foiand between these latter two 
groups. Similarly, Tukey's Post Hoc Tests performed on the 
DSI scores revealed that migraineurs with aura reported 
experiencing significantly more psychosocial stress in the 24 
hours prior to testing (M = 68.11) than migraineurs without 
aura (M = 46.56) and headache-free control subjects (M = 
41.61). Migraineurs without aura and headache-free controls 
did not differ significantly on this measure. Tukeys Post 
Hoc Tests performed on the average monthly medication use 
totals revealed that migraineurs with aura used significantly 
more medication (M = 47.50) than headache-free control 
subjects (M = 3.56). Migraineurs without aura also reported 
using significantly more medication (M = 35.28) than 
headache-free control subjects. No significant difference 
was found between the two migraine headache groups.
With the exceptions of state anxiety, daily stress, and 
medication use, the groups were statistically equivalent on 
many of the potentially mediating variables. As it is 
possible that any one of the three variables might affect 
performance on the cognitive measures, efforts were made to 
assess the possible effects these variables might have on the 
dependent variables. To meet this goal, Pearson Product- 
Moment correlations were calculated between each of these 
three variables and each of the cognitive tasks.
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Additionally, similar correlations were conducted between all 
of the potentially mediating variables and all of the 
dependent measures (see Table 2). By examining all of the
Table 2
Pearson .Product-Moment Correlations and Significance Levels 
between Dependent Variables and Potential Covariates
Age Educ BDI STAIState STAITrait DSI Vocab Motiv MedUse
Aud
DS
For -.15 - . 10 - . 18 00o1 -.19 -.02 . 03 -.05 -.16Total . 136 .233 . 091 .280 . 088 .434 .425 .361 . 177
Aud
DS
For -.26 -.09 -.11 . 03 -.12 .08 . 01 -.05 -.12Span . 027 .263 .205 .413 . 140 .286 .479 .352 .214
Aud
DS
Back .06 -.05 - . 15 - . 06 -.11 - . 18 -.08 -.02 . 13Total .327 . 349 . 139 . 336 .224 . 101 .252 .453 . 179
Aud
DS
Back .16 . 06 - . 00 -.02 . 00 -.11 -.06 . 03 . 09Span . 130 .331 .494 .429 .496 .224 .325 .419 .261
Vis
DS - .21 - .22 - .20 - . 19 - .20 -.11 .09 . 08 . 14Total . 068 . 054 .072 .082 .074 .218 .246 .294 . 150
Vis
DS -.12 -.18 -.21 - . 16 -.16 -.12 .20 .14 . 14Span . 189 . 093 . 063 . 130 . 125 . 186 .078 . 156 . 149
Aud
SS - . 19 -.37 -.25 -.21 -.27 -.11 . 04 . 12 - . 01Total .084 .003 . 033 . 060 .025 .213 .400 . 186 .235
Aud
SS - . 06 -.24 -.23 - . 12 -.16 -.15 . 05 . 01 -.20
Span .346 . 040 . 051 . 193 . 131 . 145 .363 .370 . 073
Vis
SS - . 12 -.29 -.17 - .31 -.17 - . 04 . 03 .20 -.13
Total . 190 . 017 . 116 . 010 . 120 .384 .416 .076 .177
37
Vis
ss - . 15 - . 18 - . 18 - .21 - . 14 . 09 . 11 . 29 -.03Span . 136 . 099 . 092 . 066 . 151 .254 .222 . 016 .415
Pos
High
RXN .24 .20 . 14 -.10 . 07 - . 09 - . 02 . 15 . 15Time . 042 . 074 .163 .239 .298 .263 .438 . 133 . 132
Pos
High
Error . 03 . 10 - . 02 - .06 . 00 -.12 -.06 . 08 -.21Rate .401 .234 .444 .327 . 500 .189 .325 .289 . 064
NegHigh
RXN .30 .27 . 16 -.12 . 09 - . 01 -.07 . 12 .17Time . 014 . 024 . 124 .202 .260 .474 .298 .201 . 109
Neg
HighError .21 .40 .22 . 33 .32 . 11 . 11 -.06 . 09Rate .062 . 001 . 055 .008 . 008 .206 .208 .325 .259
Pos
Low
RXN .24 . 23 .23 . 02 . 16 -.01 -.07 . 08 . 18Time .039 . 049 .048 .436 . 123 .471 .319 .277 . 010
PosLow
Error -.21 -.07 -.11 -.07 -.15 -.28 . 07 -.17 .22Rate .066 .299 .205 .312 . 138 .021 .311 . 107 . 056
Neg
Low
RXN .24 .23 . 16 - . 08 . 11 .10 . 03 . 05 .09Time . 038 . 048 . 127 .290 .209 .227 .414 .349 .267
Neg
Low
Error . 14 .25 . 06 . 13 . 14 -.15 . 02 -.25 -.08Rate .165 . 037 .325 .180 . 154 . 147 .438 . 033 .288
RXN
Time -.08 -.21 -.18 - . 00 - . 11 -.06 - . 01 -.01 -.05
Slope .341 . 072 .250 .486 .270 .334 .458 .413 .372
RXN
Time .11 .24 -.11 -.07 . 08 .01 -.02 -.02 . 04
Inter .280 . 041 .271 .312 . 071 .458 .344 .398 .383
ErrorRate - .06 - .38 -.27 -.22 -.20 -.47 . 05 . 03 -.04
Slope .336 . 002 . 024 . 058 . 078 .000 .359 .403 .387
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Error
Rate .06 .39 .25 .23 .21 .44 -.06 -.06 .02
Inter .322 .004 .033 .043 .068 .000 .343 .324 .450
Note. BDI = Beck Depression Inventory, STAI-State = 
Spielberger State Anxiety Scale, STAI-Trait = Spielberger 
Trait Anxiety Scale, DSI = Daily Stress Inventory, Vocab = 
Vocabulary Subtest of the Wechsler Adult Intelligence Scale- 
Revised, Motiv = Motivation Rating Scale, Med Use = Mean 
Monthly Medication Use, Aud DS For Total - Auditorily- 
presented Digit Span Forward Total Score, Aud DS For Span = 
Auditorily-presented Digit Span Forward Task Largest Span 
Recalled Score, Aud DS Back Total = Auditorily-presented 
Digit Span Backward Total Score, Aud DS Back Span = 
Auditorily-presented Digit Span Backward Largest Span 
Recalled Score, Vis DS Total = Visually-presented Digit Span 
Forward Total Score, Vis DS Span = Visually-presented Digit 
Span Forward Largest Span Recalled Score, Aud SS Total = 
Auditorily-presented Sentence Span Total Score, Aud SS Span = 
Auditorily-presented Sentence Span Largest Number of Last 
Words Recalled, Vis SS Total = Visually-presented Sentence 
Span Total Score, Vis SS Span = Visually-presented Sentence 
Span Largest Number of Last Words Recalled, Pos High RXN Time 
= Reaction Times for High Typicality Words on Positive Trials 
of the Category Judgement Task, Pos High Error Rate - Error 
Rates for High Typicality Words on Positive Trials of the 
Category Judgement Task, Neg High RXN Time = Reaction Times 
for High Typicality Words on Negative Trials of the Category 
Judgement Task, Neg High Error Rate = Error Rates for High 
Typicality Words on Negative Trials of the Category Judgement 
Task, Pos Low RXN Time = Reaction Times for Low Typicality 
Words on Positive Trials of the Category Judgement Task, Pos 
Low Error Rate = Error Rates for Low Typicality Words on 
Positive Trials of the Category Judgement Task, Neg Low RXN 
Time = Reaction Times for Low Typicality Words on Negative 
Trials of the Category Judgement Task, Neg Low Error Rate = 
Error Rates for Low Typicality Words on Negative Trials of 
the Category Judgement Task, RXN Time Slope = Slope of the 
Regression Line for Median Reaction Times on the Sternberg 
Task, RXN Time Inter = Y-intercept of the Regression Line for 
Median Reaction Times on the Sternberg Task, Error Rate Slope 
= Slope of the Regression Line for Error Rates on the 
Sternberg Task, Error Rate Inter = Y-intercept of the 
Regression Line for Error Rates on the Sternberg Task.
correlation coefficients pertaining to each dependent 
variable, it is feasible to detect instances in which the 
within group error variance associated with the covariate(s)
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might mask any effects associated with the independent 
variable. A cutoff of greater than or equal to the absolute 
value of .30 was used. This cutoff was chosen to not only 
insure statistical significance, but also to select 
covariates associated with substantial amounts (approximately 
ten percent) of dependent variance. Next, Pearson Product- 
Moment correlations were performed to examine relationships 
between the potential covariates (see Table 3). While it was 
expected that some of these variables would be highly 
correlated, none of these correlations were greater than or 
equal to an absolute value of .80. This cutoff of .80 is 
frequently used to denote colinearity among the variables.
Results from the above analyses were used as a means of 
selecting appropriate correlations for each dependent 
variable. First, it was found that the headache groups 
significantly differed on their STAI-state anxiety scores. 
Examinations of the Pearson Product-Moment correlations 
revealed that this variable was significantly related to 
subjects' scores on the visual presentation of the sentence 
span task total score (r = -.31, pc.01) and subjects error 
rate for the high typicality //ords of the negative trials of 
the category judgement task (r = .33, p<.01). It was also 
found that the headache-status groups differed on their DSI 
scores. It should be noted that the significant results 
obtained on the DSI were expected. The DSI was included as a 
sampling check in the present study and it was expected that
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Pearson Product-Moment Correlations and Significance Levels 
Between Potential Covariates
Table 3








BDI .06 . 13 _.329 . 181
STAI - . 08 . 15 . 63 _State .281 . 144 .000
STAI .03 .25 .76 .73 _Trait .408 . 034 .000 . 000
DSI -.13 . 06 . 58 .47 . 53 -
. 180 .339 . 000 . 000 .000
Vocab .12 . 16 - . 04 . 12 .14 -.02 -. 187 . 125 .377 . 187 .154 .453
Motiv - . 04 - . 18 - . 02 -.26 -.28 .06 - . 12 —
.393 . 100 .429 . 028 . 021 .331 .190
Med .16 . 17 . 54 .35 .38 .46 - . 15 .23 -Use . 117 . 115 . 000 . 005 . 003 .000 . 136 .051
Note. BDI = Beck Depression Inventory, STAI-State = 
Spielberger State Anxiety Scale, STAI-Trait = Spielberger 
Trait Anxiety Scale, DSI = Daily Stress Inventory, Vocab = 
Vocabulary Subtest of the WAIS-R, Motiv = Motivation Rating 
Scale, Med Use = Mean Monthly Medication Use.
the migraine groups would score higher on this measure than 
the control group. Examination of the correlation 
coefficients revealed that DSI was significantly related to
two variables, the slope of subjects' error rates on the 
Sternberg task (r = -.47, p.<01) and the y~intercept of 
subjects' error rates on the same task (r = .44, p.<01).
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Finally, mean monthly medication use was found to differ 
significantly between the headache-status groups. No 
significant correlations were: found, however, between this 
variable and any of the dependent variaPles.
In addition, inspection of the correlation coefficients 
revealed significant and substantial relationships between 
three of the potential mediating variables and dependent 
variables. It was found that subjects' age was significantly 
related to their median reaction time on high typicality 
words of the negative trials on the category judgement task 
(r = .30, pc.05). Subjects' year in school was significantly 
correlated with: their performance on the auditory 
presentation of the sentence span task (r = -.37, p<.01), 
their median reaction time on high typicality words of the 
negative trials on the category judgement task (r = .40, 
p<.01), and their error rate slope and y-intercept on the 
Sternberg task [(r = -.38, pc.01) and (r = .39, pc.01), 
respectively]. Finally, subjects' STAI-trait anxiety score 
was significantly related to their error rate for high 
typicality words on the negative trials of the category 
judgement task (r = .32, pc.01).
The final individual difference measure used was data 
obtained from the structured headache interview. Only 
subjects in the two migraine groups were interviewed. T- 
tests comparing these groups on a variety of salient 
dimensions were performed. Table 4 displays these mean
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Table 4
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^An 11 point Likert scale was employed. Choices range from 0
(no headache) to 10 (extremely painful).
values and standard deviations. Only one significant
difference was found. Migraineurs with aura reported
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significantly more separate headaches per month (M = 3.06) 
than migraineurs who do not experience aura symptoms (M = 
1.89). Table 5 presents data obtained during the structured
Table 5
Aura Symptoms Experienced bv Subjects in Migraine with Aura
Grout)
Never(0%) Seldom(1-33%) Sometimes(34-66%) Usually(67-99%)
Always(100%)
Partial loss 
of Sight 66.7 0 5.6 22.2 5.6
Scintil­lation 22.2 27.8 22.2 16.7 11.1
Blurred




61.1 11.1 22.2 0 5.6
Double Vision 66.7 16.7 5.6 11.1 0
Tingling or 
Numbness 50.0 0 5.6 27.8 16.7
Weakness 38.9 27.8 11.1 22.2 0
Ataxia 44.4 16.7 27.8 5.6 5.6
Vertigo 27.8 11.1 16.7 33.3 11.1
Tinnitus 50.0 16.7 16.7 16.7 0
Deceased




44.4 16.7 16.7 16.7 5.6
Aphasia 77.8 0 22.2 0 0
PoorlyArticulated
Speech
66.7 11.1 22.2 0 0
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headache interview pertaining to aura symptoms experienced by 
subjects in the migraine with aura group.
Memory Span Measures
Several one-way ANOVAs were conducted on the auditory 
and visual presentations of the Digit Span and Sentence Span 
Tasks. Tukey's Post Hoc Tests were then used to illustrate 
the nature of any significant group differences. Finally, 
ANCOVAs were performed when significant correlations were 
found between the dependent variable in question and one or 
more potential mediating variables.
Digit £pan
A one-way ANOVA was performed using the subjects' raw 
score on the auditory presentation of the digits forward 
subtest of the Digit Span Task. ANOVA revealed a significant 
main effect for headache-status [F (2,53) = 3.27, p<.05]. 
Tukey's Post Hoc Tests showed that migraineurs with aura 
scored significantly lower than migraineurs without aura. No 
such difference was found between the migraineurs with aura 
and the headache-free control group, nor for the migraineurs 
without aura and the headache-free control group. Table 6 
presents the means and standard deviations for the three 
Headache-status groups. When the preceding ANOVA was 
replicated substituting the greatest number of digits each 
subject was able to recall for the total digits forward 
score, no significant difference was found. These group 
means and standard deviations are also shown in Table 6. No
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Mean Scores and Standard Deviations bv Headache-Status Groups, 










M 8.3 9a 9.89b 9.28a< bSJ2 1.91 2.14 1.07
Auditory Digit 
Span Forward 
SpanM 6.83a 7.50a 7.17aSD 1.10 1.20 .86Auditory Digit 
Span Backward Total 
M 7.2 8a 8.50a 8. lla
sn 1.74 2.09 1.75Auditory Digit 
Span Backward 
Span
M 5.22a 5.67a 5.78aSD 1.11 1.24 1.11Visual Digit 
Span Forward 
Total 
M 7.33a 8.44a 7.89a
SD 1.57 1.46 1.37Visual Digit Span Forward 
SpanM 6.22a 6.67a 6.56aSD . 94 . 97 . 92Auditory 
Sentence Span Total 
£2 8.83a 10,72b 10.28b£D 2.01 1.84 1.74
Auditory 
Sentence Span 
SpanM 4.44a 5. llb 5.01b
SD . 92 .76 .73
Visual Sentence 
Span Total M 5.3 9a 7 . lla 6.33aSD 1.88 2.42 2.35
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Visual Sentence Span Span
E4 3.67a 4.00a 3.67a
_________ SQ .84 1.03 1.14
Note. Means with different superscripts are significantly 
different (p<.05).
correlations were found to be greater than or equal to .30 
between any of the potential covariates and subjects 
performance on the auditory presentation of the digit span 
forward task.
Analysis of Variance performed using the subtests1 total 
raw score on the auditory presentation of the digits backward 
subtest of the Digit Span Task yielded no significant 
differences. Similarly, no significant difference was found 
when the highest number of digits recalled was used instead 
of the total score. Table 6 presents the mean scores and 
standard deviations by headache-status group for the backward 
presentation of Digit Span. No correlations were found to be 
greater than or equal to .30 between any of the potential 
covariates and subjects' performance on the auditory 
presentation of the digit span backwards task.
On the visual presentation of the Digit Span Task, only 
the digits forward subtest was used. ANOVAs performed using 
both the subjects' raw scores on the task, as well as their 
highest number of digits recalled, yielded nonsignificant 
results. No correlations were found to be greater than or 
equal to .30 between any of the potential covariates and
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subjects performance on the visual presentation of the digit 
span forward task.
Sentence Span
A one-way ANOVA was performed using the subjects' raw 
scores on the auditory presentation of the Sentence Span 
Task. ANOVA revealed a significant main effect for headache- 
status [F (2,53) = 5.04, pc.01]. Tukey's Post Hoc Tests 
resulted in two significant findings. Migraineurs with aura 
scored significantly lower than migraineurs without aura and 
significantly lower than headache-free control subjects. No 
significant difference was found between migraineurs without 
aura and headache-free controls. Table 6 presents the means 
and standard deviations for the three headache-status groups. 
When the preceding ANOVA was replicated substituting the 
greatest number of last words recalled by the subjects for 
the total score, significant results were again obtained [F 
(2,53) = 3.79, p<.05]. Tukey's Post Hoc Tests yielded 
results identical to those obtained when the total raw score 
was used. Inspection of the Pearson Product-Moment 
correlations revealed a significant relationship between the 
subjects' total score on the auditory presentation of the 
Sentence Span Task and year in school (r = -.37, p = .01).
Analysis of covariance revealed a significant main effect for 
headache status [F (2,52) = 4.10, pc.025] after removing the 
error variance associated with subjects' year in school.
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On the visual presentation of the Sentence Span Task, 
ANOVAs performed using both the subjects' raw score on the 
task, as well as the greatest number of last words recalled, 
revealed nonsignificant findings. Pearson Product-Moment 
correlations revealed a significant relationship between 
subjects' total visual Sentence Span score and STAI-state 
anxiety (r = -.31, pc.01). Analysis of covariance failed to 
find a significant main effect for headache-status after 
removing the variance associated with state anxiety.
Memory Scan Measures 
Category Judgement Task
Each subject's median reaction time was computed for 
each cell of the design for the experimental trials.
Response times associated with errors were excluded from the 
calculations and were examined separately.
Reaction Times
The first analysis, a 3 (headache-status) X 2 
(typicality) mixed analysis of variance (ANOVA) was conducted 
on median reaction times for the positive trials. A 
significant main effect was found for typicality [F (1,51) = 
42.32, p<.01], with subjects (collapsed across all headache- 
status groups) having significantly greater reaction times to 
low typicality words than to high typicality words (see Table 
7). No significant main effect was found for headache-status 
or for the interaction of headache-status by typicality. 
Pearson Product-Moment correlations revealed no significant
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Table 7
Reaction Times and Proportion Error Rates bv Headache-Status 
Group for Category Judgement Task
Migraineurs 







Md 1059.58ms 993.28ms 962.64ms 1005.17ms
ER . 036 . 040 . 052 . 042
Low Typ 
Md 1156.28ms 1097.39ms 1086.08ms 1113.25ms
ER .095 . 107 . 143 . 115
iterative
High Typ 
Md 1212.78ms 1106.25ms 1098.22ms 1139.08ms




1244.78ms 1123.89ms 1112.14ms 1160.27ms
.052 . 071 . 067 .063
Note. High Typ = High Typicality, Low Typ = Low Typicality, 
Md = Group means for median reaction times, ER = Error Rates.
correlations between subjects' median reaction times on high 
typicality words and any of the potential covariates.
A 3 (headache-status) X 2 (typicality) mixed ANOVA was 
then performed on the median reaction times for the negative 
trials. No significant main effect was found for headache- 
status or typicality. Additionally, the interaction of 
headache-status by typicality was not significant. Table 7 
reveals that, although not significantly different, the 
median reaction times for the three headache-status groups 
were in the predicted direction (for both positive and 
negative trials). Pearson Product-Moment correlations
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revealed a significant relationships between subjects' median 
reaction times on high typicality words and their age (r = 
.30, p<.025). Analysis of covariance revealed no significant 
main effect for headache status after removing the variance 
associated with subjects’ age.
Error Rates
A 3 (headache-status) X 2 (typicality) mixed ANOVA was 
performed on the error rates for the positive trials of this 
task. ANOVA revealed a significant main effect for 
typicality [F (1,51) = 45.31, pc.Ol]. This effect indicates 
that subjects (collapsed across all headache-status groups) 
had higher error rates on low typicality words than on high 
typicality words. No significant main effect was found for 
headache-status or for the interaction of typicality with 
headache-status. Pearson Product-Moment correlations 
revealed no significant relationships between subjects’ error 
rates on high typicality words and any of the potential 
mediating variables.
A similar ANOVA was performed on the error rates for the 
negative trials. ANOVA failed to reveal significant main 
effects for either headache-status or typicality or for the 
interaction of these two variables. Pearson Product-Moment 
correlations revealed significant relationships between 
subjects' error rates on high typicality words (for the 
negative trials) and year in school (r = .40, p<.01), STAI- 
state anxiety (r = .33, p<.01), and STAI-trait anxiety (r =
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.32, p<.01). Analysis of covariance was then performed using 
all three of these variables as potential covariates. No 
significant main effect was revealed for headache-status 
after removing the variance associated with these three 
variables.
Sternberg Task
The median reaction time was computed for each set size 
by response type cell of the design on the Sternberg task. 
Response times associated with errors were excluded from 
these calculations and the proportion of errors was computed 
separately for each set size cell of the design. Omnibus 
ANOVAs were first computed for the median reaction times and 
the error rates, using headache-status, memory set size (2-, 
4-, and 6-digits), and response choice (yes vs. no) as 
variables. The median reaction times and error rates were 
then used to compute the slope and intercept of the 
regression line relating reaction time and memory set size.
A separate regression line was computed for response times 
and error rates, resulting in two different slopes and 
intercepts for each subject. The computation of these slopes 
and intercepts was collapsed over response type ("yes" or 
"no" for 2-, 4-, and 6-digit memory sets) to allow six data 
points to form each regression line. As stated previously, 
the slope represents the increase in the dependent variable 
associated with one unit increase in memory set size and is 
assumed to reflect the rate of memory scanning (Sternberg,
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1975). The intercept is assumed to reflect the time needed 
to respond to the memory probe independent of memory scanning 
rate (Sternberg, 1975).
Reaction Time
Results of the omnibus ANOVA revealed no significant 
three-way interaction between headache-status, set size, and 
response choice. Similarly, no significant two-way 
interactions were found between headache-status and set size 
or between headache-status and response choice. A 
significant two-way interaction was found between set size 
and response choice [F (2,51) = 3.38, pc.05], suggesting a
linear trend— with larger median reaction times found on 6- 
digit trials, especially when the subject chose "no" as the 
response. No significant main effect was found for headache- 
status. Not surprisingly, significant main effects were 
found for set size [F (1,51) = 64.53, pc.01] and for response 
choice [F (1,51) = 14.49, pc.01].
A one-way ANOVA was then performed using the slopes of 
the subjects' regression lines (computed using subjects' 
median reaction times). ANOVA failed to reveal a significant 
main effect for headache-status. Figure 1 presents the 
slopes and y-intercepts for the three headache-status groups. 
Inspection of the Pearson Product-Moment correlations 
revealed no significant relationships between the slopes and 
any of the possible mediating variables.
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— a— Migraineurs with Aura
-— ♦— Migraineurs without Aura
-- K-- Headache-free Controls
Figure 1. Headache-status by Memory Set Size for Median 
Reaction Time
Analysis of variance performed using the y-intercept of 
the regression lines yielded no significant differences. 
Inspection of the Pearson Product-Moment correlations 
revealed no significant relationships between this variable 
and any of the potential mediating variables.
Error Rates
Results of the omnibus ANOVA performed on the subjects' 
error rates revealed no significant three-way interaction 
between headache-status, set size, and response choice. 
Similarly, no significant two-way interactions v/ere found.
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No significant main effect was found for headache-status or 
for set size. A significant main effect was found response 
choice [F (1,51) = 10.76, p<.01].
A one-way ANOVA was then performed using the slopes of 
the subjects' regression lines (computed using subjects' 
error rates). Results of this ANOVA did not yield a 
significant main effect for headache-status groups. Figure 2 
presents the slopes and y-intercepts of the error rates by 
headache-status group. Inspection of the Pearson Product-
--Migraineurs with Aura
' * Migraineurs without Aura
-- Headache-free Controls
Figure 2 . 
Rate
Headache-status by Memory Set Size for Mean Error
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Moment correlations revealed significant relationships 
between the subjects' error rate slopes and year in school (r 
= -.38, p<.G25) and DSI score (x = -.47, pc.01). To examine 
whether subjects’ year in school and/or DSI score influenced 
their error rate slopes, analysis of covariance was 
performed. Results of this analysis failed to indicate a 
significant headache-status main effect after removing the 
variance associated with subjects' year in school and DSI 
scores,
Analysis of Variance was then performed using the 
intercepts of the regression lines (computed using the error 
rates). Results failed to reveal any significant differences 
between the headache-status groups. Examination of the 
Pearson Product-Moment correlations between this variable and 
the potential mediating variables again revealed significant 
relationships between the subjects* error rate y-intercepts 
and year in school (p = -.39, pc.01) and DSI score (£ = .44, 
p<.01). To examine whether subjects' year in school and/or 
DSI score influenced their error rate y-intercepts, analysis 
of covariance was performed. Results of this analysis failed 
to indicate a significant headache-status main effect after 
removing the variance associated with subjects' year in 
school and DSI scores.
DISCUSSION
Overview
The purpose of the present study was to investigate the 
relationship between migraine (both with and without aura) 
and early auditory and visual information-processing. It was 
hypothesized that the methodology employed in this study 
would reveal subclinical neurocognitive deficits which 
manifest themselves in reduced visual and auditory 
information-processing.
Auditory and visual memory span tasks and visual memory- 
scanning tasks were used to investigate this issue. The 
present study, unlike several previous studies, sought to 
control for a large number of variables which might mediate 
subjects' performances on the experimental measures. It was 
hypothesized, based on previous neuropsychological research 
investigating short-term memory stores, that migraine 
headache subjects would exhibit significantly greater average 
information-processing impairment on both auditorily- and 
visually-administered tasks than headache-free control 
subjects. It was further hypothesized that migraineurs who 
experience aura symptoms would perform worse than migraineurs 




Individual Difference Measures 
Unlike many of the previous studies in this area, the 
present study sought to account for a large number of 
variables which could influence subjects' performances on the 
neurocognitive measures. Significant group differences were 
found on the STAI-state anxiety scale, the Daily Stress 
Inventory and medication use. On the STAI-state anxiety 
scale, migraineurs with aura were found to have significantly 
higher mean scores than both the migraineurs without aura and 
the headache-free control subjects. Similar results have 
been obtained by others, although in these other studies aura 
symptoms have not been generally taken into account. For 
example, Arena, Andrasik, and Blanchard (1985) found that 
migraineurs scored significantly higher on the STAI-state 
anxiety scale than headache-free controls. A pattern of 
results similar to those in the present study were obtained 
by Burker and her colleagues (1989), though their results 
were not statistically significant. As situational anxiety 
can influence performance on neurocognitive instruments 
(Lezak, 1983), care was taken in analysis of the data to 
assess whether this construct mediated the experimental 
results. In only three cases was this construct found to 
correlate significantly with the dependent variable. Further 
analysis failed to show that this variable influenced the 
analyses pertaining to headache-status.
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Significant group differences were also found on 
subjects' daily stress reports, with migraineurs with aura 
reporting greater daily stress than both the other headache- 
status groups. As previously mentioned, the DSI was added to 
the present study as a sampling check. Stress, as noted 
earlier, appears to play a major role in the etiology of 
chronic head pain. It was somewhat surprising, however, that 
migraineurs without aura did not differ significantly from 
headache-free controls. Examination of the means did, 
however, reveal a trend in this direction. It seems 
plausible that, because a college population was used in this 
study, these subjects may experience more day-to-day 
stressors related to college life. Examination of the 
subjects' year in school appears to lend further credence to 
this hypothesis, as the vast majority of subjects were in 
their freshman year of school--a year which may be marked by 
an even greater number of psychosocial stressors (e.g., 
living more autonomously, more schoolwork, making new 
friends, etc.). As with state anxiety, this variable was 
also examined to assess whether it played a mediating role in 
subjects' performance on the primary experimental measures. 
Results yielded two significant correlations. Further 
analysis, however, failed to demonstrate that daily stress 
influenced the analyses pertaining to headache-status.
Analysis of subjects' average monthly medication use 
(weighted for potency) also found significant group
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differences. Results indicated that both migraineurs with 
aura and migraineurs without aura reported significantly 
greater medication use than headache-free control subjects. 
These results come as no surprise, considering the lengthy, 
intense pain associated with migraine headache. In 
retrospect, it would seem difficult to control for this 
variable, particularly in a college population. For example, 
in a clinical population it might be possible to control for 
this variable by using a headache-free control group that 
experienced chronic back pain (and thus takes comparable 
amounts of pain medication). However, when mean monthly 
medication use was examined in relation to the dependent 
variables in this study, it was not found to correlate 
significantly with any experimental measure.
Finally, although the headache-status groups did not 
differ significantly on age, year in school, or STAI-trait 
anxiety, six correlations above r = .30 were found between 
these variables and one or more of the dependent measures. 
Year in school was highly correlated with subjects' 
performance on the auditory presentation of the sentence span 
task, error rate for high typicality words on the negative 
trials of the category judgement task, and both the slope and 
the y-intercept of the their error rate regression lines on 
the Sternberg Task. Finally, age was highly correlated with 
subjects median reaction times for high typicality words on 
the negative trials of the category judgement task and STAI-
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trait was highly related to subjects’ error rates for high 
typicality words on negative trials. However, when these 
were entered into ANCOVA analyses, in no case were any of 
these variables found to significantly affect the analyses 
pertaining to headache-status.
In general, it can be concluded from these results that 
I was successful in accounting for a large number of 
potentially mediating variables. In fact, a larger number of 
variables were accounted for than in any previous study 
reported in the literature. Although group differences were 
found on some of the potential covariates (STAI-state 
anxiety, DSI, and average monthly medication use) and some 
potential covariates were highly correlated with some of the 
dependent variables, follow-up ANCOVAs revealed that these 
variables did not significantly influence any of the analyses 
pertaining to headache-status.
Memory Span Measures
The findings of the memory span measures suggest that 
migraineurs with aura exhibit deficits in auditory attention 
and verbal short-term memory when compared to headache-free 
individuals and migraineurs who do not experience aura 
symptoms. Similar trends were found when these same tasks 




On the digit span task, migraineurs with aura performed 
significantly worse than migraineurs without aura on the 
digits forward subtest when it was scored as the WAIS-R 
manual instructs (Wechsler, 1981). Similar results, though 
net significantly different, were obtained when the subjects' 
greatest digit span correctly recalled was used as the 
dependent variable. These results suggest that, when 
compared to migraineurs without aura, migraineurs with aura 
tend to display a lower auditory span of apprehension. It 
should be noted, however, that all three groups scored within 
the average range of functioning on this dimension.
There are at least three possible explanations of why 
the migraineurs with aura performed worse than the 
migraineurs without aura in the present study. First, it may 
be the case that the migraineurs with aura experience more 
severe headaches and that these more intense headaches cause 
the observed neurocognitive differences found between the two 
migraine groups. Second, it is possible that the frequency 
of migraine headaches may account for the observed 
differences between the two migraine groups. In the present 
sample, the migraineurs with aura reported experiencing about 
three headaches per month, whereas the migraineurs without 
aura reported experiencing approximately two headaches per 
month. Finally, these neurocognitive differences may be due
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to neurological changes associated with the aura symptoms 
themselves.
Migraineurs with aura performed significantly worse than 
both the migraineurs without aura and the headache-free 
controls on the auditory presentation of the sentence span 
task. These results were found when both the total score 
obtained on the task and the greatest number of last words 
recalled were used as dependent variables. These results 
suggest that migraineurs with aura, as compared to 
migraineurs without aura and headache-free individuals, 
exhibit more difficulties on a task of short-term memory span 
which is complicated by proactive and retroactive 
interference.
In general, results of the verbal memory span tasks 
indicate that migraineurs with aura perform worse than 
migraineurs without aura and control subjects. Thus, 
migraineurs who experience aura symptoms exhibit poorer 
auditory attention and have a lower verba], memory span than 
migraineurs who do not experience aura symptoms and headache- 
free individuals. Migraineurs with aura also appear to be 
more susceptible to auditory retroactive and proactive 
interference than the other subjects in the present study.
These results are consistent with other studies in the 
literature which have reported impairment of digit span in 
migraine headache sufferers (Shucman & Thetford, 1970;
Zeitlin & Oddy, 1984; Covelli et al., 1984). Two interesting
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points can be made in regard to these findings. First, these 
previous studies which have reported lower digit span scores 
in migraineurs than controls have not examined differences 
between migraineurs with aura and migraineurs without aura. 
The present study appears to extend these results by 
indicating that migraineurs with aura, specifically, tend to 
exhibit a poorer auditory attention span. Second, the 
present study is the first to find significant differences on 
this measure in a young, nonclinical sample. Burker and her 
colleagues (1989) failed to include digit span or a 
comparable measure in their battery of neuropsychological 
tests and Lamberty and Holm (1992) failed to find a 
significant difference on this measure. These latter 
researchers, however, did not differentiate between 
migraineurs with aura and migraineurs without aura. Thus, it 
is possible that they had a disproportionate number of 
migraineurs without aura in their migraine group.
The significant results found in the present study on 
the sentence span task appear to further our understanding of 
the verbal memory span of migraineurs by indicating that 
migraineurs with aura appear more susceptible to proactive 
and retroactive interference. No previous study to date had 
used the sentence span task with headache populations. 
Lamberty and Holm (1992) used the California Verbal Learning 
Test which has indices of interference. However, these
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researchers did not report any analyses pertaining to these 
indices.
Visual Measures
On the visual presentation of the digit span forward 
subtest, no significant differences were revealed for either 
the total score or for the greatest number of digits 
correctly recalled. Similarly, no significant differences 
were found on the sentence span task for either the total 
score or the greatest number of lasc words recalled. Thus, 
the effects of migraine headache (both with and without aura) 
appear to have no impact on visual attention and visual 
short-term memory span. Additionally, these recurrent 
headaches do not appear to negatively effect an individual's 
ability to disregard retroactive and proactive interference 
when stimuli are presented visually.
No previous study reported in the literature has 
visually-presented either the digit span task or the sentence 
span task. Other visually-presented memory tasks have been 
used. For example, Burker and her colleagues (1989) used the 
Rey-Osterreith Complex Figure Test and Leijdekkers and his 
colleagues (1990) used the Pattern Memory Test. Neither of 
these research teams found significant differences, though 
trends were noted, with migraineurs with aura performing more 
poorly on these tasks than migraineurs without aura and 
headache-free controls. A similar trend was noted in the 
present study, though the tasks used in the present study
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differ from those used previously in that they lend 
themselves more easily to verbal encoding. The consistent 
finding of trends toward significance (in this study and 
previous studies) suggests that migraineurs with aura may 
have deficits related to encoding visually presented 
information but that said deficits are relatively small and 
these would require greater power (i.e., greater sample 
sizes) to obtain statistically significant results.
Memory Scan Measures
The findings on the memory scan measures failed to 
support the hypothesis of significant differences between che 
headache-status groups. Although a number of trends in the 
data were found, these results do not appear to support the 
presence of robust differences between migraineurs with aura, 
migraineurs without aura and headache-free individuals on 
visually-presented measures of scanning rate, encoding speed, 
or semantically-related reaction time.
Category Judgement Task
On the category judgement task, a significant main 
effect was found on reaction time for word typicality 
(collapsed across all three headache-status groups) on the 
positive trials. It makes intuitive sense that individuals 
would take longer to make decisions about low typicality 
category exemplars than high typicality category exemplars. 
Similar results have been obtained by other researchers
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(e.g., Chumbley & Balota, 1984). No significant differences 
were found between the headache-status groups.
Review of the literature reveals that no previous study 
in this area has examined lexical decision making in 
migraineurs. The present results appear to be the first to 
indicate that the lexical decision making reaction times and 
error rates of migraineurs (both with and without aura) do 
not differ significantly from those of headache-free 
individuals.
Sternberg Task
On the Sternberg task, no significant differences were 
obtained between the headache-status groups on any of the 
dependent measures. These findings are generally consistent 
with previous studies which also failed to find significant 
differences on this task (Leijdekkers et al.# 1990; Lamberty 
& Holm, 1992). It should be noted, however, that both of 
these previous studies merely reported mean reaction times. 
The calculations of slopes and y-intercepts yields more 
meaningful data (Sternberg, 1966; 1969). Thus, the present 
study can more definitely declare that migraineurs (both with 
and without aura) do not appear to have poorer rates of 
memory scanning.
Limitations gf the Present.
Results from this study are restricted somewhat by the 
fact that all subjects were young women recruited from 
undergraduate Psychology courses. It remains an empirical
67
question whether the present results would be replicated in 
other samples.
Conclusions
The primary purpose of the present study was to 
investigate the relationship between migraine headache (both 
with and without aura) and early information-processing. To 
meet this goal, a battery of neurocognitive tasks related to 
visual and auditory attention and memory were used (as 
opposed to an atheoretically assembled battery of 
neuropsychological instruments). In addition, more potential 
mediating variables were examined in this study than in any 
previous study in this area. It was hypothesized that, 
migraine headache subjects would exhibit poorer performance 
on the auditorily- and visually-administered neurocognitive 
tasks than headache-free control subjects. It was further 
hypothesized that migraineurs with aura would perform worse 
than migraineurs without aura on the presented tasks, 
secondary to uhe nature of aura symptoms.
The only conclusive findings came from measures of 
verbal memory span. These tasks appear to indicate that 
migraineurs with aura perform worse than migraineurs without 
aura. Thus, it seems that migraineurs who experience aura 
symptoms exhibit poorer auditory attention and have a lower 
verbal memory span than migraineurs who do not experience 
aura symptoms and headache-free individuals. Migraineurs
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with aura also appear to be more susceptible to auditory 
retroactive and proactive interference.
The present study, unlike several of the previous 
studies in this area, did not use a "kitchen-sink" approach 
to assembling a battery of tests. Instead, tests were 
assembled to specifically examine visual and verbal attention 
and short-term memory in this population. As such, these 
findings delineate more clearly the "short-term memory" 
differences found by some of the researchers who have 
examined the neuropsychological sequelae of recurrent 
migraine. Finding these subclinical neurocognitive 
differences in a relatively young sample serves to further 
our understanding of the development of impairment in 
headache sufferers. It is also impoitant to note that 
because this study systematically examined more potentially 
extraneous variables than previous studies, we can be more 
certain that these results are due to the migraine with aura 
disorder rather than some other mediating factor such as 
anxiety.
The results of the present study lend credence to the 
further investigation of information-processing in 
migraineurs. Investigation of verbal information-processing 
appears particularly promising in leiu of the present 
results. A test such as the California Verbal Learning Test 
(Delis, Kramer, Kaplan, & Ober, 1987) might be useful in 
helping to understand the learning strategies used by
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migraineurs (and if these are different than headache-free 
individuals). Previous studies (e.g., Lamberty & Holm, 19y2) 
have used this instrument but have only reported the subjects 
recall scores for the various lists. It would be useful to 
examine the learning strategies employed by the subjects 
(e.g., semantic, serial, etc.). It would also be interesting 
to examine the types of errors made by subjects (e.g., 
intrusions, proactive interference, etc.).
The use of tasks which do not lend themselves as readily 
to verbal encoding (such as the Rey-Osterreith Complex Figure 
Test and the Continuous Visual Memory Task) may also be 
helpful in furthering our understanding of information­
processing in migraineurs. It might also be useful to 
examine the relationships between performance on tasks of 
visual- and verbal-memory and hemisphere of aura symptoms 
and/or headache pain. For example, one might hypothesize 
that migraineurs who experience more aura symptoms (and/or 
generally unilateral headache pain) in the left hemisphere 
might exhibit more deficits in verbal memory whereas 
individuals who experience these symptoms/pain in the right 
side may exhibit more deficits in visuo-spatial memory.
Further investigation of the differences between the two 
migraine groups would also appear warranted. Results of this 
study indicate significant differences between these two 
groups. It might also be interesting and enlightening to 
compare migraineurs with aura to a group of subjects who
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experience aura symptoms that are not followed by head pain. 
Of course, such a sample would be difficult to obtain.
A final suggestion for further research would be to use 
a longitudinal design. The subjects in the present sample 
represent a young population of migraineurs. Results of this 
study indicate that even these young migraineurs (with aura) 
are exhibiting some differences in verbal information- 
processing--though still within the average range of 
functioning. Knowledge of the dynamic progression of changes 
would be useful in designing effective treatment strategies.
A tightly-controlled longitudinal design would help clarify 
any changes in neurocognitive functioning that occur over 
time in this population.
In conclusion, this investigation supports the 
assumption that migraine headache is related to reduced 
neurocognitive functioning. It appears that the 
inconsistencies found among earlier neuropsychological 
examinations of this issue may be reduced by the use of moie 
theory-driven methodologies and the employment of tighter 
control over and/or more thorough examination of potentially 
mediating variables.
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